This article presents the research results of roughness and topography of the surface of Inconel 718 nickel alloy after shot peening. The evaluation of stereometric properties of the surface layer of the examined material was performed based on the amplitude, height and Abbott-Firestone curve parameters. The shot peening was carried out on the impulse shot peening stand. The impact energy E z , distance between the traces x s and the ball diameter d k were changed in the range: E z = 60 ÷ 240 mJ, x s = 0,15 ÷ 0,5 mm, d k = 3,95 ÷ 12,45 mm. The T8000 RC 120-140 device of the Hommel-Etamic company, along with the software, was used for measuring the surface roughness and for determining the material bearing curve. As a result of the machining, the surface roughness was reduced and the selected functional parameters were improved.
INTRODUCTION
The Inconel nickel alloys are classified as advanced materials, which are successfully used in the aerospace, chemical and energy industries [2] . They have good mechanical and plastic properties. Due to the low efficiency of thermal conductivity and good corrosion resistance, nickel alloys are used for such machine components as turbines, discs, shafts, compressor blades, exhausts and combustion chambers. The share of nickel alloys, as a construction material, in the aerospace industry, ranges from 22% to 34% [2, 8] . The disadvantage of nickel alloys is their low wear resistance due to friction, which can be eliminated by using surface machining [18] .
Burnishing is one of the varieties of the surface machining, which enables the improvement of stereometric and physical properties of the top layer. During burnishing, the phenomenon of local plastic deformation of the surface layer is used at the ambient or elevated temperature, caused by the impact of the hard tool on the surface [16] .
Burnishing makes it possible to reduce the surface roughness and to increase the material bearing [12, 24] . The cyclical impact of the hard tool on the processed surface causes the formation of micro-grooves, which can be the potential "reservoirs" of the lubricant, and thus contribute to the increased resistance of these surfaces to wear and tear [9] . The change in the concentration of the crystalline structure defects is also the effect of burnishing machining, resulting in compressive stresses constituted in the surface layer [25] . Changing the state of residual stresses results in an increase in fatigue durability [11, 23] . Burnishing is successfully used not only to improve the properties of the surface layer, but it is also used to round the edges of the workpiece [15] . Physical properties of the surface layer shaped during the machining and the geometric structure of the surface affect the energy state and adhesion properties of the surface [13, 17] .
In literature, we can find a lot of work devoted to shot peening of titanium and aluminium alloys [25] as well as steel [4, 11] . Few publications are about shot peening nickel alloys [1, 14, 21] . Ultrasound shot peening (USP) rebuilds the geometry structure of nickel alloys. Machining traces are "punched" on the surface, which depth and amount on the surface depends on the material, of which the balls are made, the processing time and the impact energy [19] . The use of too much pressure during the machining of Inconel 718 nickel alloy results in an increase in surface roughness, which is due to the insufficient ability to absorb the deformation by the machined surface [14, 21] .
During the finishing treatment of nickel alloys, the physical properties of the surface layer are changed. As a result of the conducted shot peening of the Inconel 718 alloy, compressive stresses are deposited on the surface layer [19, 20] , which translates into the increased fatigue strength [1, 3] . The stress depth and its value depends on the machining time, material of the balls and the distance at which the workpiece is located from the nozzle [19] .
Stress measurements are most often done with X-ray techniques, however the [5, 6] works have successfully used the eddy currents in order to determine the state of stresses after shot peening the samples from the Inconel 718 alloy. This method involves measuring the frequency of the eddy current in order to obtain the electrical conductance signal near the surface, which can be transformed into a stress profile.
Not only are the machine components subjected to shot peening machining, but it is also successfully used for processing stents made of inter-metallic "Nitional" (NiTi) alloy, in order to improve the wear resistance [7] .
Based on the conducted literature review, it can be stated that there are a lot of works on the burnishing machining of nickel alloys. However, these studies are primarily concerned with the physical properties of the surface layer and the performance characteristics of machine elements. However, there are not many works that would describe the stereometric properties of nickel alloys after shot peening. It is therefore reasonable to undertake studies to determine the impact of technological parameters of shot peening on the geometric structure of the surface of nickel alloy elements. The evaluation was performed based on amplitude, height and Abbott-Firestone curve parameters, which provide information on the state of co-operating elements.
RESEARCH METHODOLOGY
The research used the nickel alloy samples of the HRSA (Heat Resistant Super Alloys) group, that is Inconel 718. Table 1 shows the chemical composition and the selected properties of nickel alloy used in the experiment.
The impulse shot peening was made on a shot peening stand, which is presented in Figure 1 . During machining, the work surface of the workpiece (9) was subjected to the hits of the beater (6) of a known mass, which can be changed by replacing the weight (5), raised to the height h by the cam (4). The beater with a ball (8) , which is an interchangeable element, moves while operating in the ball guides (7). The table, on which the workpiece is attached, performs a feed movement, and the speed of this movement may be controlled with a guide screw (11) and the gear (12) .
Shot peening was realized for the following technological parameters: Milling preceded the shot peening machining, which was done using a hexagonal milling head with an external diameter D = 40 mm, equipped with circular plates of sintered carbides covered with the TiAl coating. The following technological parameters were used for processing: a p = 0.5 mm, v c = 40 m/min, f z = 0.08 mm/tooth. Exten- Measurements of surface roughness and 3D topography were made using the T8000RC 120 -140 device of the Homel Etamic company, which allows to determine amplitude, horizontal, mixed, height and Abbott-Firestone curve parameters.
RESEARCH RESULTS
The implementation of the research allows us to present the effect of shot peening parameters on the amplitude parameters of roughness Ra (arithmetic mean of the profile ordinates), and height Rz (the highest profile height), Rp (the height of the biggest profile elevation) and Rv (the depth of the lowest profile cavity), as well as the parameters of the material bearing curve Rpk (the reduced height of the elevation), Rk (the depth of the roughness core), Rvk (the reduced depth of the cavity). The selection of the above parameters was an indication of the possibility of evaluating the stereometric features of the surface layer in the functional aspect. The roughness parameters Rv, Rp, and the material share curve allow us to predict how the given surface will behave in cooperation with another surface [10, 22] .
The surface roughness before shot peening The topography of the surface formed by the preceding machining is characterised by an even distribution of micro-unevenness, with a clearly defined vertices and depressions. The one-way structure is formed (Fig. 2a) .
As a result of the shot peening machining, the topography surface is reconfigured (Fig. 2b) . A surface with numerous cavities is formed, which is the result of the ball hitting the machined surface. The Ssk parameter is decreased, so it can be assumed that the material concentrates near the apex of the profile, and thus the surface can be considered as a good bearing surface [22] .
Figures for Fig. 3 to Fig. 5 present the influence of the impact energy on the analysed roughness parameters of the surface. The increase in collision energy results in a decrease of surface roughness to the minimum value achieved for E z = 120 ÷ 180 mJ, followed by an increase in the roughness parameters. Applying the impact energy greater than 180 mJ results in larger "holes" made in the machined surface, resulting in deterioration of the surface quality. The Ra parameter in relation to the value after milling has decreased from 9.6% to 20.8%, while the Rz parameter from 17.5% to 27.4%, depending on the impact energy. Increasing the collision energy causes intense deformation of micro-unevenness after pretreatment. Their vertices are cut, which translates into the value decrease of the Rp parameter from 16.6% to 29.4% (Fig. 4) , and the Rpk parameter from 4.7% to 11% (Fig. 5) with respect to the value after milling. This allows us to infer the probable increase in wear resistant of the processed element after shot peening.
The cyclical impact of the ball, with the specified energy, on the work surface, causes the formation of cavities, which contributes to the increase in the Rvk parameter, and thus the increase in the lubricant retention capacity (Fig. 5) .
The increase in the distance between the machining traces results in a reduction in the degree of coverage, and thus the non-uniform deformation of the work surface. The improvement of the roughness parameters Ra, Rz (Fig. 6) and Rp, Rv (Fig. 7) in relation to the value after milling takes place in the range x s = 0.15 ÷ 0.4 mm.
The effect of the distance between traces on the Abbott-Firestone curve parameters (Fig. 8) is similar to the Ra, Rz, Rp and Rv parameters. The increase in the distance between machining traces translates into a smaller share of elastic and plastic deformations, which results in the increase of the Rpk, Rk, Rvk parameters. The improved wear resistant, expressed by the Rpk parameter, occurs during machining with x s = 0.15 ÷ 0.4 mm (Fig. 8) . The depth of the roughness core Rk during machining with x s = 0.15 mm decreases with respect to the value after milling. This means that the "surface load" is improved by 15%, that is, after a period of reaching a significant part of the surface it will contact the surface of the co-operating element. The Rvk parameter, responsible for maintaining the lubricant, increased from 2.7 to 3 times in relation to the value after the pretreatment.
Figures for Fig. 9 to Fig. 11 present the effect of the ball diameter on the roughness parameters. The decrease in surface roughness parameters with the increase in the diameter of the burnishing element may be be explained by the decreasing depth of the impression along with the decrease of the burnishing element curvature.
During the ball processing with d k = 3.95 mm, the burnishing element creates a smaller contact surface with the workpiece, resulting in more intense plastic and elastic deformations, which results in the increase in of the roughness parameters: Ra, Rz, Rp and Rv ( Fig. 9 and Fig. 10 ).
For the ball diameter in the range of d k = 6 ÷ 12.45 mm there is an improvement of functional parameters Rpk and Rk in relation to the surface after pre-treatment (Fig. 11) . The Rpk parameter is decreased from 1.13 to 3.77 times, while the Rk parameter from 1 to 2.17 times in relation to the value after milling. The shape of the Abbott-Firestone curve contains information about the condition of the surface in terms of its usefulness (Fig. 12) . After milling, the curve of the material bearing should be classified as a degressive curve. It is characterised by a large angle of incline. The surface described by this curve variant is characterised by "sharp" vertices of micro-unevenness and a small bearing of material. After shot peening, the Abbott-Firestone curve is slightly inclined, which may indicate a high wear resistant. It is a degenerative-progressive curve [22] .
CONCLUSION
The study analysed the impact of technological parameters of shot peening on the geometric structure of the surface of Inconel 718 nickel alloy after milling. The following conclusions summarise the results of the conducted research:
• shot peening the INCONEL 718 nickel alloy causes the geometric restructuring of the surface after pre-treatment, • improvement of amplitude and height parameters with respect to values after milling occurs during processing with the following parameters: E z = 60 ÷ 240 mJ, x s = 0.15 ÷ 0.4 mm and d k = 6 ÷ 12.45 mm, • shot peening reduces the Rp parameter from 11% to 66.8% and Rpk from 4.7% to 73.4% with respect to the value after milling, • shot peening of the INCONEL 718 alloy results in the improvement of the lubricant retention capability, • the material bearing curve before shot peening is a regressive curve, after the machining it becomes degressive-progressive. 
